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Abstract 

Background: a-glucosidase inhibitors regulate postprandial hyperglycemia (PPHG) by impeding the rate of 
carbohydrate digestion in the small intestine and thereby hampering the diet associated acute glucose excursion. 
PPHG is a major risk factor for diabetic vascular complications leading to disabilities and mortality in diabetics. 
Cinnamomum zeylanicum, a spice, has been used in traditional medicine for treating diabetes. In this study we 
have evaluated the a-glucosidase inhibitory potential of cinnamon extract to control postprandial blood glucose 
level in maltose, sucrose loaded STZ induced diabetic rats. 

Methods: The methanol extract of cinnamon bark was prepared by Soxhlet extraction. Phytochemical analysis was 
performed to find the major class of compounds present in the extract. The inhibitory effect of cinnamon extract 
on yeast a-glucosidase and rat-intestinal a-glucosidase was determined in vitro and the kinetics of enzyme 
inhibition was studied. Dialysis experiment was performed to find the nature of the inhibition. Normal male Albino 
wistar rats and STZ induced diabetic rats were treated with cinnamon extract to find the effect of cinnamon on 
postprandial hyperglycemia after carbohydrate loading. 

Results: Phytochemical analysis of the methanol extract displayed the presence of tannins, flavonoids, glycosides, 
terpenoids, coumarins and anthraquinones. In vitro studies had indicated dose-dependent inhibitory activity of 
cinnamon extract against yeast a-glucosidase with the IC 50 value of 5.83 ug/ml and mammalian a-glucosidase 
with IC 50 value of 670 ug/ml. Enzyme kinetics data fit to LB plot pointed out competitive mode of inhibition and 
the membrane dialysis experiment revealed reversible nature of inhibition. In vivo animal experiments are indicative 
of ameliorated postprandial hyperglycemia as the oral intake of the cinnamon extract (300 mg/kg body wt.) 
significantly dampened the postprandial hyperglycemia by 78.2% and 52.0% in maltose and sucrose loaded STZ 
induced diabetic rats respectively, compared to the control. On the other hand, in rats that received glucose and 
cinnamon extract, postprandial hyperglycemia was not effectively suppressed, which indicates that the observed 
postprandial glycemic amelioration is majorly due to a-glucosidase inhibition. 

Conclusions: The current study demonstrates one of the mechanisms in which cinnamon bark extract effectively 
inhibits a-glucosidase leading to suppression of postprandial hyperglycemia in STZ induced diabetic rats loaded 
with maltose, sucrose. This bark extract shows competitive, reversible inhibition on a-glucosidase enzyme. 
Cinnamon extract could be used as a potential nutraceutical agent for treating postprandial hyperglycemia. In 
future, specific inhibitor has to be isolated from the crude extract, characterized and therapeutically exploited. 
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Background 

In individuals with type 2 diabetes, nutrient intake related 
first-phase insulin response is severely diminished or 
absent resulting in persistently elevated postprandial glu- 
cose (PPG) throughout most of the day [1]. This is due to 
the delayed peak insulin levels which are insufficient to 
control PPG excursions adequately [2]. Postprandial 
hyperglycemia is a major risk factor for micro- and 
macro vascular complications associated with diabetes 
[3,4] and so controlling postprandial plasma glucose level 
is critical in the early treatment of diabetes mellitus and 
in reducing chronic vascular complications [5]. The acute 
glucose fluctuations during the postprandial period exhi- 
bits a more specific triggering effect on oxidative stress 
than chronic sustained hyperglycemia which suggests 
that the therapy in type 2 diabetes should target not only 
hemoglobin Ale and mean glucose concentrations but 
also acute glucose swings [6,7]. 

Mammalian a-glucosidase anchored in the mucosal 
brush border of the small intestine catalyzes the end 
step digestion of starch and sucrose that are abundant 
carbohydrates in human diet [8]. a-glucosidase inhibi- 
tors (AGI) delay the breakdown of carbohydrate in 
small intestine and diminish the postprandial blood glu- 
cose excursion in diabetic subjects [9,10] and thus have 
a lowering effect on postprandial blood glucose and 
insulin levels. Commercially available a-glucosidase inhi- 
bitors such as acarbose, miglitol and voglibose are 
widely used to treat patients with type 2 diabetes 
[11,12]. AGI is shown to reduce the insulin require- 
ments for type 1 diabetes and it also improves reactive 
hypoglycemia [10]. As the a-glucosidase inhibitors exhi- 
bit therapeutic effect by restricting carbohydrate absorp- 
tion, the undigested carbohydrate dislodged to the colon 
undergoes fermentation by colonic flora to result in 
adverse effects such as flatulence, abdominal discomfort 
and diarrhoea [13]. However the adverse effects are dose 
dependent and get reduced with the duration of therapy 
[14,15]. 

Several a-glucosidase inhibitors have been isolated 
from medicinal plants to develop as an alternative drug 
with increased potency and lesser adverse effects than 
the existing drugs [16]. Cinnamon is used in traditional 
medicine for treating diabetes and it was found to have 
insulin secretagogue property [17] and insulin sensitiz- 
ing property [18]. Besides the antidiabetic effect, the cin- 
namon bark and cinnamon oil have been reported to 
possess antioxidant activity [19], antinociceptive prop- 
erty [20], acaricidal property [21], and activity against 
urinary tract infections [22]. In a human clinical trial, it 
was found that intake of cinnamon with rice pudding 
reduced postprandial blood glucose and delayed gastric 
emptying [23]. 



Ahmad Gholamhoseinian [24] screened 200 Iranian 
medicinal plants in vitro and reported that the cinna- 
mon extract exhibited strong inhibition on yeast a-glu- 
cosidase. However, the nature of the enzyme inhibition 
was not studied in detail. As most of the plant derived 
inhibitors showing effective inhibition on yeast a-gluco- 
sidase do not effectively inhibit the mammalian a-gluco- 
sidase, we have prompted to evaluate the same. In 
addition, we have studied the effect of cinnamon extract 
on postprandial glucose excursion associated with disac- 
charides and monosaccharide challenge in normal and 
STZ induced diabetic rats. 

Methods 

Plant materials 

Cinnamomum zeylanicum (CZ) bark was collected form 
Mailadumpara, Kerala and authenticated by Angelin 
Vijayakumari, Head, Department of Plant Biology and 
Biotechnology, Voorhees College, Vellore, India. A vou- 
cher specimen of the plant (ID: VRC001) was deposited 
in the Herbarium Center, Voorhees College, Vellore, 
India. 

Extraction methods 

Shade dried bark (50 g) was milled and extracted using 
methanol (250 ml) in Soxhlet apparatus for 8 hours. 
Then, the extract was evaporated to dryness and the 
final dry chocolate colour crude extract was stored in 
dark at -20°C until used for the experiments. 

Phytochemical analysis 

The phytochemical analysis of cinnamon bark extract 
has been performed to find the presence of major sec- 
ondary metabolites like flavonoids, tannins, saponins, 
steroid, glycosides, coumarins, anthraquinones and alka- 
loids. Standard protocols according to Trease and Evans 
[25] and Harborne [26] were followed to analyze tan- 
nins, flavonoids, glycosides, terpenoids, alkaloids, cou- 
marins, and anthraquinones. Steroidal rings analysis was 
performed following method described by Sofowora 
[27]. Saponins were analysed by following the protocol 
described by Wall [28]. 

Enzyme assay 

^-Nitrophenyl-a-D-glucopyranoside (PNPG), Yeast a- 
glucosidase (EC 3.2.1.20), sodium phosphate salts and 
sodium carbonate were purchased from Sisco (SRL), 
India. Rat-intestinal acetone powder was obtained from 
Sigma (USA). Acarbose was bought from Bayer pharma- 
ceuticals, India, a- glucosidase inhibitory activity was 
performed following the modified method of Pistia 
Brueggeman and Hollingsworth [29,30]. Mammalian a- 
glucosidase was prepared following the modified method 
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of Jo [31]. Rat-intestinal acetone powder (200 mg) was 
dissolved in 4 ml of 50 mM ice cold phosphate buffer 
and sonicated for 15 minutes at 4°C. After vigorous vor- 
texing for 20 minutes, the suspension was centrifuged 
(10,000 g, 4°C, 30 minutes) and the resulting superna- 
tant was used for the assay. A reaction mixture contain- 
ing 50 ul of phosphate buffer (50 mM; pH 6.8), 10 ul of 
yeast or Rat a-glucosidase (1 U/ml) and 20 ul of plant 
extract of varying concentrations was pre-incubated for 
5 min at 37°C, and then 20 ul of 1 mM PNPG was 
added to the mixture as a substrate. After further incu- 
bation at 37°C for 30 min, the reaction was stopped by 
adding 50 ul of Na 2 C0 3 (0.1 M). All the enzyme, inhibi- 
tor and substrate solutions were made using the same 
buffer. Acarbose was used as a positive control and 
water as negative control. Enzymatic activity was quanti- 
fied by measuring the absorbance at 405 nm in a micro- 
titer plate reader (Bio-TEK, USA). Experiments were 
done in triplicates. The percentage of enzyme inhibition 
by the sample was calculated by the following formula: 
% Inhibition = {[(AC - AS)/AC] xl00}, where AC is the 
absorbance of the control and AS is the absorbance of 
the tested sample. The concentration of an inhibitor 
required to inhibit 50% of enzyme activity under the 
mentioned assay conditions is defined as the IC 50 value. 

Kinetics of a-glucosidase inhibition by CZ 

The mode of inhibition of CZ extract against mamma- 
lian a-glucosidase activity was measured with increasing 
concentrations of PNPG (0.5,1,2 and 4 mM) as a sub- 
strate in the absence and presence of CZ at 0.5 mg/ml 
and 1 mg/ml. Optimal amounts of CZ used were deter- 
mined based on the enzyme inhibitory activity assay. 
Mode of inhibition of CZ was determined by Linewea- 
ver-Burk plot analysis of the data calculated following 
Michaelis-Menten kinetics [32,33]. 

Dialysis for reversibility of CZ action 

a-glucosidase (100 U/ml) was incubated with CZ (23.5 
mg/ml) in 0.5 ml of sodium phosphate buffer (50 mM, 
pH 6.7) for 2 h at 37°C and dialyzed against sodium 
phosphate buffer (5 mM, pH 6.7) at 4°C for 24 h, chan- 
ging the buffer every 12 h. Another premixed-enzyme 
solution (0.5 ml) was kept at 4°C for 24 h without dialy- 
sis for the control experiment. Reversibility of CZ has 
been determined by comparing the residual enzyme 
activity after dialysis with that of non-dialyzed one 
[34,35]. 

Experimental animals 

Adult male Albino wistar rats were maintained during 
the experiments in the animal house, Center for Biome- 
dical Research, VIT University, Vellore. 12-13 weeks old 
rats, weighing 160-210 g were kept in polycarbonate 



cage housed in a room with a 12-h light/12-h dark cycle 
at 25 ± 2°C, fed with standard rodent diet and water ad 
libitum. All animal procedures were approved by the 
ethical committee in accordance with our institutional 
Animal Ethics Committee, 1333/C/10/CPCSEA. 

Induction of diabetes 

Rats previously fasted for 16 h were given single intra- 
peritoneal injection of 45 mg/kg body wt. streptozotocin 
(Sigma, USA) dissolved in freshly prepared citrate buffer 
(0.1 M, pH4.5). Animals with fasting blood glucose over 
250 mg/dl, three days after streptozotocin administra- 
tion were considered diabetic and they received treat- 
ment similar to that of normal rats. 

Maltose and sucrose loading in normal rats 

Total of eighteen rats were segregated into three groups 
of six animals each. After 16 hours fasting, Group 1 had 
received maltose or sucrose (2 g/kg body wt; p.o.) as the 
diabetic control. Group 2 was coadministered with mal- 
tose or sucrose (2 g/kg body wt; p.o.) and CZ extract 
(300 mg/kg body wt; p.o.). Group 3 was coadministered 
with maltose or sucrose (2 g/kg body wt; p.o.) and acar- 
bose (5 mg/kg body wt; p.o.). Selected dosages of cinna- 
mon extract and acarbose were determined to be safe 
based on the previous studies [36-38]. Blood glucose 
level was measured before and 30, 60 and 120 minutes 
after the maltose or sucrose loading using a Glucometer 
(One touch Horizon™). The change in blood glucose 
from the basal level after the carbohydrate load was ana- 
lysed and represented as delta blood glucose. 

Maltose and sucrose loading in diabetic rats 

Total of 24 rats were sorted into four groups of six ani- 
mals each. After 16 hours fasting, they were given single 
intraperitoneal injection of 45 mg/kg body wt. strepto- 
zotocin (Sigma, USA). Group 1 had received maltose or 
sucrose (2 g/kg body wt; p.o.) as the diabetic control. 
Group 2 was coadministered with maltose or sucrose (2 
g/kg body wt; p.o.) and CZ extract (300 mg/kg body wt; 
p.o.). Group 3 was coadministered with maltose or 
sucrose (2 g/kg body wt; p.o.) and CZ extract (600 mg/ 
kg body wt; p.o.); Group 4 was coadministered with 
maltose or sucrose (2 g/kg body wt; p.o.) and acarbose 
(5 mg/kg body wt; p.o.). Blood glucose level was mea- 
sured at 0, 30, 60, and 120 minutes after the maltose or 
sucrose loading using a Glucometer (One touch Hori- 
zon™). Deviation in blood glucose concentration from 
the basal value was analysed and represented as delta 
blood glucose. 

Glucose loading in normal rats 

Total of twelve normal rats were segregated into two 
groups of six animals each. After 16 hours fasting, 
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Group 1 had received glucose (2 g/kg body wt; p.o.) as 
the control. Group 2 was coadministered with glucose 
(2 g/kg body wt; p.o.) and CZ extract (300 mg/kg body 
wt; p.o.). Blood glucose level was measured before and 
30, 60 and 120 minutes after the glucose loading using a 
Glucometer (One touch Horizon™). The change in 
blood glucose from the basal level after the oral load 
was analysed and represented as delta blood glucose. 

Glucose loading in diabetic rats 

Total of twelve diabetic rats were segregated into two 
groups of six animals each. After 16 hours fasting, 
Group 1 had received glucose (2 g/kg body wt; p.o.) as 
the control. Group 2 was coadministered with glucose 
(2 g/kg body wt; p.o.) and CZ extract (300 mg/kg body 
wt; p.o.). Blood glucose level was measured before and 
30, 60 and 120 minutes after the glucose loading using a 
Glucometer (One touch Horizon™). The change in 
blood glucose from the basal level after the oral load 
was analysed and represented as delta blood glucose. 

Statistical analyses 

Statistical analysis was performed using t-test or one-way 
analysis of variance (ANOVA) followed by Dunnett's Mul- 
tiple Comparison Test using GraphPad Prism software. P- 
values of less than 0.05 were considered to be statistically 
significant. The delta blood glucose levels were expressed 
as mean ± SE for six animals in each group. 

Results 

Phytochemical constituents of CZ 

Phytochemical analysis of the cinnamon extract indi- 
cated the presence of flavonoids, glycosides, coumarins, 
alkaloids, anthraquinone, steroids, tannins and 
terpenoids. 



In vitro a-glucosidase inhibition by CZ 

Yeast a-glucosidase inhibition potential of the CZ 
extract and acarbose was measured (Figure 1A). It dis- 
plays effective inhibition of a-glucosidase by CZ extract 
with IC 5 o value of 5.83 ug/ml. Acarbose used as the 
positive control showed IC 50 value of 36.89 ug/ml (Fig- 
ure IB), under similar assay conditions. CZ extract and 
acarbose inhibited rat-intestinal a-glucosidase with IC 50 
value of 676 ug/ml and 34.11 ug/ml, respectively (Figure 
2A and 2B). 

Mode of a-glucosidase inhibition by CZ 

The mode of inhibition of CZ extract on rat-intestinal 
a-glucosidase activity was analyzed using LB plot. The 
double-reciprocal plot displayed competitive inhibition 
of the enzyme activity (Figure 3). The K m value 
increased with increase in the CZ concentration and 
V max remained unaltered (Table 1). 

Reversibility of CZ action 

The enzyme activity of a-glucosidase was almost com- 
pletely recovered after the dialysis, shown by the enzyme 
mixed inhibitor curve (EID) that was similar to the 
curves of enzyme control without dialysis (EC) and with 
dialysis (ED) (Figure 4). Proximal running of ED as 
experimental control along with EC and EID ensures 
that dialysis alone does not greatly affect the enzyme 
activity. However, the non-dialyzed mixture of enzyme 
and extract (EIC) showed its inhibited activity. 

Maltose loading in normal rats 

Postprandial blood glucose variation was measured after 
loading maltose to the normal rats with and without the 
coadministration of CZ extract. In the control group, 
blood glucose level increased by an average of 50 mg/dl 
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Figure 1 Inhibition of yeast a-glucosidase by CZ extract. A. Inhibition of a-glucosidase by CZ extract at various concentrations (1-16 ug/ml). 
B. Inhibition a-glucosidase by acarbose at various concentrations (1-60 ug/ml). The a-glucosidase inhibition was analyzed by measuring p- 
nitrophenol released from PNPG at 405 nm after 30 minutes of incubation at 37°C. Results are expressed as mean of percent inhibition ± S.E.M 
against log 10 concentration of inhibitor. 
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Figure 2 Inhibition of Mammalian a-glucosidase by CZ extract 

concentrations (0.3-2.1 mg/ml). B. Inhibition mammalian a-glucosidase by acarbose at various concentrations (20-140 ug/ml). The a-glucosidase 
inhibition was analyzed by measuring p-nitrophenol released from pNPG at 405 nm after 30 minutes of incubation at 37°C. Results are expressed 
as mean of percent inhibition ± S.E.M against log 10 concentration of inhibitor. 



at 30 minutes after the maltose load. In the group that 
received CZ extract along with maltose, the 30 minutes 
post-load glucose level increased only marginally by 9 
mg/dl on an average (Figure 5A). This indicates the 
potency of CZ extract to significantly suppress high mal- 
tose diet associated postprandial glucose elevation. 
Compared to control, the whole glycemic response is 
reduced by 65.1% on CZ treatment (Figure 5B). 

Maltose loading in diabetic rats 

As CZ extract exhibited appreciable postprandial blood 
glucose lowering effect in the normal rats, we examined 
its inhibitory effect on STZ induced diabetic rats. In the 




-2 J 

Figure 3 Mode of a-glucosidase inhibition by CZ extract 

Lineweaver-Burk plot of a- glucosidase inhibition by CZ. a- 
glucosidase was treated with various concentrations of pNP- 
glycoside (0.5-4 mM) in the absence or presence of CZ at two 
different concentrations (0.5 and 1 mg/ml). The kinetics assay has 
been performed after incubating the mixture at 37°C for 30 min. 



control group, blood glucose level increased to an aver- 
age of 362 mg/dl above the basal level 30 min after CZ 
administration and decreased thereafter (Figure 6A). 
However, the rise of the post-load blood glucose has 
been significantly impeded in a dose dependent fashion 
on coadministering CZ with maltose at different doses 
(300, 600 mg/kg body wt.). Similar kind of suppression 
effect was observed in the group that received acarbose 
(5 mg/kg body wt.) as the positive control along with 
maltose. Compared to control, the whole glycemic 
response is reduced by 78.2%, 86.3% and 54.2% when 
treated with 300, 600 mg/kg body wt. of CZ and 5 mg/ 
kg body wt. of acarbose, respectively (Figure 6B). 

Sucrose loading in normal rats 

Postprandial blood glucose variation was measured after 
loading sucrose to the normal rats with and without the 
coadministration of CZ extract. In the control group, 
blood glucose level increased by an average of 28.6 mg/ 
dl at 30 minutes after the sucrose load. In the group 
that received CZ extract along with sucrose, the 30 min- 
utes post-load glucose level increased only by 15.8 mg/ 
dl on an average (Figure 7A). This indicates the potency 
of CZ extract to significantly suppress high sucrose diet 
associated postprandial glucose elevation. Compared to 



Table 1 Kinetic analysis of a-glucosidase inhibition by CZ 



CZ (mg/ml) 


V max (mM/min) 


K m (mM) 


0 


0.94 


0.85 


0.5 


0.94 


1.22 


1 


0.94 


1.59 



Table 1. a-glucosidase with different concentrations of PNPG (0.5-4 mM) was 
incubated in the absence and presence of CZ at two different concentrations 
(0.5 and 1 mg/ml) at 37°C for 30 min. K m and V max were calculated from 
Lineweaver-Burk plot. 
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Figure 4 Reversibility of CZ action, a-glucosidase (100 U) was 
incubated with CZ (23.5 mg) in 0.5 ml of sodium phosphate buffer 
(50 mM; pH 6.7) for 2 h at 37°C and dialyzed against sodium 
phosphate buffer (5 mM; pH 6.7) at 4°C for 24 h. Reversibility of CZ 
was determined by comparing the residual enzyme activity after 
dialysis with that of non-dialyzed one. a-glucosidase alone (EC, ED) 
and the complex of a-glucosidase and CZ (EIC, EID) were dialyzed 
against 5 mM sodium phosphate buffer (pH 6.7) at 4°C (ED, EID) or 
were kept at 4°C (EC, EIC) for 24 h. 



control, the whole glycemic response is reduced by 
42.5% on CZ treatment and 44.6% on acarbose treat- 
ment (Figure 7B). 

Sucrose loading in diabetic rats 

Postprandial blood glucose variation was measured after 
loading sucrose to the diabetic rats with and without 
the coadministration of CZ extract. In the control 
group, blood glucose level increased to an average of 
151.6 mg/dl above the basal level 30 min after CZ 
administration and decreased thereafter (Figure 8A). 
However, the rise of the post-load blood glucose has 
been significantly impeded in a dose dependent fashion 
on coadministering CZ with sucrose at different doses 
(300, 600 mg/kg body wt). Similar kind of suppression 
effect was observed in the group that received acarbose 
(5 mg/kg body wt.) as the positive control along with 
sucrose. Compared to control, the whole glycemic 
response is reduced by 52.0%, 67.5% and 70.7% when 
treated with 300, 600 mg/kg body wt of CZ and 5 mg/ 
kg body wt. of acarbose, respectively (Figure 8B). 

Glucose loading in normal rats 

To affirm that the observed suppression of postprandial 
glucose is due to the inhibition of a-glucosidase, post- 
prandial blood glucose variation was measured after 
loading glucose to the normal rats with and without the 
coadministration of CZ extract. In the control group, 
blood glucose level increased by an average of 20 mg/dl 
at 30 minutes after the glucose load. In the group that 
received CZ extract along with glucose, the 30 minutes 
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Control CZ 300 mg Acarbose 5 mg 

Figure 5 Inhibitory effects of CZ on blood glucose after 
maltose loading in normal rats. The normal rats fasted for 1 6 h 
received maltose (2 g/kg body wt; p.o.) and dose of CZ (300 mg/kg 
body wt; p.o.) by gastric intubation. Control group received maltose 
(2 g/kg body wt; p.o.) alone, and the drug control group received 
maltose (2 g/kg body wt; p.o.) plus acarbose (5 mg/kg). Blood 
glucose was measured at 0, 30, 60 and 120 min after food 
administration. A. The glycemic response curve in normal rats after 
maltose challenge. B. The incremental AUC0-120 min in normal rats 
after maltose administration. Data are expressed as the mean ± S.E, 
n = 6. * P < 0.05 vs. control; **, P < 0.01 vs. control; P < 0.001 
vs. control. 

v J 

post-load glucose level increased by 20.8 mg/dl on an 
average (Figure 9A), which shows that the glucose 
absorption is not significantly affected due to CZ extract 
(Figure 9B). 

Glucose loading in diabetic rats 

To evaluate the effect of cinnamon on glucose toler- 
ance in diabetic condition and to elucidate whether the 
observed postprandial glucose suppression is majorly 
due to a-glucosidase inhibition, postprandial blood 
glucose variation was measured after loading glucose 
to the diabetic rats with and without the coadministra- 
tion of CZ extract. In the control group, blood glucose 
level increased by an average of 350.1 mg/dl at 30 
minutes after the glucose load. In the group that 
received CZ extract along with glucose, the 30 minutes 
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Figure 6 Inhibitory effect of CZ on blood glucose after maltose 
loading in diabetic rats. The diabetic rats fasted for 16 h received 
maltose (2 g/kg body wt; p.o.) and different doses of CZ (300 mg/ 
kg body wt; p.o. and 600 mg/kg body wt; p.o.) by gastric 
intubations. Control animals were given only maltose (2 g/kg body 
wt; p.o.) and the drug control group received maltose (2 g/kg body 
wt; p.o.) plus acarbose (5 mg/kg). Blood glucose was monitored at 
0, 30, 60 and 120 min after food administration. The result shows 
the significantly impeded 30 minutes post-load glucose level in the 
CZ 300 mg and CZ 600 mg treated group compared to control. 
Data are expressed as the mean ± S.E, n = 6. * P < 0.05 vs. control; 
**, P < 0.01 vs. control; P < 0.001 vs. control. 



post-load glucose level increased by 327.8 mg/dl on an 
average (Figure 10A), which shows that the glucose 
absorption is not significantly affected due to CZ 
extract (Figure 10B). 

Discussion 

Diabetic individuals are at an increased risk of developing 
microvascular complications (retinopathy, nephropathy, 
and neuropathy) and cardiovascular disease (CVD). 
Abnormalities in insulin and glucagon secretion, hepatic 
glucose uptake, suppression of hepatic glucose production, 
and peripheral glucose uptake contribute to higher and 
more prolonged postprandial glycemic (PPG) excursions 
than in non diabetic individuals [2] . Elevated PPG even in 
the absence of fasting hyperglycemia increases the risk of 
cardiovascular diseases and it is the most common cause 
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Figure 7 Inhibitory effects of CZ on blood glucose after 
sucrose loading in normal rats. The normal rats fasted for 16 h 
received sucrose (2 g/kg body wt; p.o.) and dose of CZ (300 mg/kg 
body wt; p.o.) by gastric intubation. Control group received sucrose 
(2 g/kg body wt; p.o.) alone and the drug control group received 
sucrose (2 g/kg body wt; p.o.) plus acarbose (5 mg/kg). Blood 
glucose was measured at 0, 30, 60 and 120 min after food 
administration. A. The glycemic response curve in normal rats after 
sucrose challenge. B. The incremental AUC0-120 min in normal rats 
after sucrose administration. Data are expressed as the mean ± S.E, 
n = 6. *, P < 0.05 vs. control; **, P < 0.01 vs. control; P < 0.001 
vs. control. 



of death among the people with diabetes. Acute hypergly- 
cemia induces endothelial dysfunction by generating oxi- 
dative stress resulting in impaired vasodilatation [39]. 
Also, postprandial spikes can result in microvascular 
damage through oxidation of low density lipoprotein 
(LDL) and other proatherogenic mechanisms [40]. 

Diet rich in carbohydrate causes sharp rise in the 
blood glucose level as the complex carbohydrates in the 
food is rapidly absorbed in the intestine aided by the ot- 
glucosidase enzyme which breaks disaccharides into 
absorbable monosaccharides [41]. a-glucosidase inhibi- 
tor inhibits the disaccharide digestion and impedes the 
postprandial glucose excursion to enable overall smooth 
glucose profile [42]. 

The antidiabetic action of cinnamon exerted by insulin 
secretagogue action and insulin resistance amelioration 
has been previously reported [17,18]. Ahmad Gholam- 
hoseinian [24] screened 200 Iranian medicinal plants 
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Figure 8 Inhibitory effect of CZ on blood glucose after sucrose 
loading in diabetic rats. The diabetic rats fasted for 16 h received 
sucrose (2 g/kg body wt; p.o.) and a dose of CZ (300 mg/kg body 
wt; p.o.) by gastric intubations. Control animals were given only 
sucrose (2 g/kg body wt; p.o.) and the drug control group received 
sucrose (2 g/kg body wt; p.o.) plus acarbose (5 mg/kg). Blood 
glucose was monitored at 0, 30, 60 and 120 min after food 
administration. A. The glycemic response curve in diabetic rats after 
sucrose challenge. B. The incremental AUCo-uo min in diabetic rats 
after sucrose administration. Data are expressed as the mean ± S.E, 
n = 6. *, P < 0.05 vs. control; ** P < 0.01 vs. control; ***, P < 0.001 
vs. control. 
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Figure 9 Inhibitory effect of CZ on blood glucose after glucose 
loading in normal rats. The rats fasted for 16 h received glucose 
(2 g/kg body wt; p.o.) and a dose of CZ (300 mg/kg body wt; p.o.) 
by gastric intubations. Control animals were given only glucose (2 
g/kg body wt; p.o.). Blood glucose was monitored at 0, 30, 60 and 
120 min after food administration. There are no significant changes 
observed in the 30 minutes post-load glucose level between the 
control group and CZ treated group. Data are expressed as the 
mean ± S.E, n = 6. ns- not significant. 



in vitro and reported that the cinnamon extract exhib- 
ited strong inhibition on yeast a-glucosidase. However, 
the nature of the enzyme inhibition was not studied. As 
most of the plant derived inhibitors showing effective 
inhibition on yeast a-glucosidase do not effectively inhi- 
bit the mammalian a-glucosidase, we have prompted to 
evaluate the effect of cinnamon on mammalian a-gluco- 
sidase. In addition, the effect of cinnamon extract on 
postprandial glucose excursion associated with maltose, 
sucrose challenge was studied in normal and STZ 
induced diabetic rats. 

The ability of cinnamon bark extract to inhibit the a- 
glucosidase in vitro has been evaluated using yeast a- 
glucosidase and mammalian a-glucosidase which are 
commonly used for investigating a-glucosidase inhibi- 
tors from microbes and medicinal plants [43]. In our in 
vitro studies, cinnamon extract showed remarkable inhi- 
bition on both yeast and mammalian a-glucosidase sug- 
gesting the presence of potential enzyme inhibiting 



compound in the extract. To find the mechanism of 
inhibition, we have formulated double reciprocal plot 
from the kinetics data and the results indicate the com- 
petitive mode of inhibition of CZ extract similar to acar- 
bose which is also a competitive inhibitor. 

In our study, we found that the inhibitory action of 
cinnamon on a-glucosidase to be reversible: the enzyme 
activity was recovered intact after dialysis as the process 
of dialysis cleared the inhibitors from the enzyme. The 
reversible inhibition is the propitious property of a-glu- 
cosidase inhibitor because the enzymes remain intact 
even after the elimination of the inhibitor. In other 
words, when inhibitor binds irreversibly to the intestinal 
enzyme, it will lead to hypoglycemia due to chronic car- 
bohydrate malabsorption. 

Following the positive in vitro inhibitory results of the 
cinnamon extract, we have continued to evaluate its 
effect on postprandial hyperglycemia associated with 
carbohydrate challenge using rats as our model. The 
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Figure 10 Inhibitory effect of CZ on blood glucose after 
glucose loading in diabetic rats. The diabetic rats fasted for 16 h 
received glucose (2 g/kg body wt; p.o.) and a dose of CZ (300 mg/ 
kg body wt; p.o.) by gastric intubations. Control animals were given 
only glucose (2 g/kg body wt; p.o.). Blood glucose was monitored 
at 0, 30, 60 and 120 min after food administration. There are no 
significant changes observed in the 30 minutes post-load glucose 
level between the control group and CZ treated group. Data are 
expressed as the mean ± S.E, n = 6. ns- not significant. 



hypothesis is that on administering cinnamon extract to 
the diabetic rats, postprandial glucose excursion asso- 
ciated maltose or sucrose challenge gets stymied but not 
during glucose challenge. Because, the a-glucosidase 
action is crucial for the digestion of maltose and sucrose 
without which these disaccharides would not be rapidly 
converted into absorbable glucose. As expected, cinna- 
mon extract blunted acute postprandial hyperglycemic 
spike in the normal wistar rats loaded with maltose and 
sucrose but not with glucose. Subsequently, the post- 
prandial hyperglycemia amelioration of cinnamon 
extract was evaluated in the STZ induced diabetic wistar 
rats. In general, the postprandial glucose level of STZ 
induced diabetic rat is poorly controlled due to impaired 
insulin production [44]. However, in our study, coadmi- 
nistration of maltose or sucrose along with cinnamon 



extract to the diabetic rats prevented the sharp hike in a 
dose dependent manner. On the other hand, control 
animals showed an extremely high level of blood glucose 
that has been staying high even two hours after the mal- 
tose or sucrose load. One of the reasons for observing 
the suppressed postprandial glucose level in diabetic rats 
could be due to the damping effect of cinnamon extract 
on the maltose or sucrose digestion at small intestine. 
The standard drug, acarbose similarly suppressed the 
postprandial glucose level. As the observed postprandial 
glucose suppression could also be possible because of 
the secretagogue activity and insulin sensitizing property 
of cinnamon, we have evaluated the effect of cinnamon 
on glucose loading in the normal and diabetic rats. Cin- 
namon did not suppress the postprandial hyperglycemia 
associated with glucose (monosaccharide) loading signif- 
icantly but on maltose and sucrose (disaccharide) load- 
ing, which shows that the major mechanism of action of 
postprandial glucose suppression is exhibited by inhibi- 
tion of a-glucosidase. To precisely understand the 
mechanism of enzyme inhibition, we are on the process 
of purifying and isolating an active compound(s) and 
determine its chemical structure for further study. 

The phytochemical analysis indicated the presence of 
flavonoids and glycosides along with other major com- 
mon secondary metabolites in the extract. Previous 
reports on a-glucosidase inhibitors isolated from medic- 
inal plants suggest that several potential inhibitors 
belong to flavonoid glycoside class which has the char- 
acteristic structural features to inhibit a-glucosidase 
enzyme [45] - [46]. Based on the preliminary results 
obtained from our LC-MS study (data not shown), we 
speculate that the presence of flavonoid glycosides 
might have contributed to the a-glucosidase inhibitory 
effect of the cinnamon extract. 

Conclusions 

Cinnamon bark extract shows competitive, reversible 
inhibition on a-glucosidase enzyme. It effectively sup- 
presses the maltose and sucrose induced postprandial 
blood glucose spikes in rats. Cinnamon extract could be 
used as a potential nutraceutical agent for treating post- 
prandial hyperglycemia. In future, specific inhibitor has 
to be isolated from the crude extract, characterized and 
therapeutically exploited. 

List of abbreviations 

AGI: a-glucosidase inhibitor; CZ: Cinnamomum zeylanicum; STZ: 
Streptozotocin; PPG: Postprandial glucose; PPHG: Postprandial hyperglycemia; 
IC: Inhibitory concentration; LB plot: Lineweaver-Burk plot; PNPG: p- 
Nitrophenyl-a-D-glucopyranoside; CVD: Cardiovascular diseases. 

Acknowledgements 

The VIT University has provided the lab facility and funded this study. 



Mohamed Sham Shihabudeen et al. Nutrition & Metabolism 201 1, 8:46 
http://www.nutritionandmetabolism.eom/content/8/1/46 



Page 1 0 of 1 1 



Authors' contributions 

MSS carried out the in vitro and in vivo experiments, participated in its 
design, analysed and interpreted the data and drafted the manuscript. KT 
conceived of the study, designed, coordinated, involved in drafting the 
manuscript and revised it critically. HPD participated in the in vivo studies 
and helped drafting the manuscript. 
All authors read and approved the final manuscript. 

Competing interests 

The authors declare that they have no competing interests. 

Received: 28 February 201 1 Accepted: 29 June 201 1 
Published: 29 June 2011 

References 

1 . Parkin CG, Brooks N: Is Postprandial Glucose Control Important?, Is It 
Practical In Primary Care Settings? Clinical Diabetes 2002, 20:71-76. 

2. ADA: Postprandial Blood Glucose. Diabetes Care 2001, 24:775-778. 

3. Hanefeld M, Schmechel H, Julius U, Schwanebeck U: Determinants for 
coronary heart disease in non-insulin-dependent diabetes mellitus: 
lessons from the diabetes intervention study. Diabetes Res Clin Pract 1996, 
30(Suppl):67-70. 

4. Hanefeld M, Fischer S, Julius U, Schulze J, Schwanebeck U, Schmechel H, 
Ziegelasch HJ, Lindner J: Risk factors for myocardial infarction and death 
in newly detected NIDDM: the Diabetes Intervention Study, 11 -year 
follow-up. Diabetologia 1996, 39:1577-1583. 

5. Ortiz-Andrade RR, Garcia-Jimenez S, Castillo-Espana P, Ramirez-Avila G, 
Villalobos-Molina R, Estrada-Soto S: alpha-Glucosidase inhibitory activity of 
the methanolic extract from Tournefortia hartwegiana: an anti- 
hyperglycemic agent. J Ethnopharmacol 2007, 109:48-53. 

6. Monnier L, Colette C: Contributions of fasting and postprandial glucose 
to hemoglobin Ale. Endocr Pract 2006, 12(Suppl l):42-46. 

7. Sies H, Stahl W, Sevanian A: Nutritional, dietary and postprandial 
oxidative stress. J Nutr 2005, 135:969-972. 

8. Nichols BL, Avery SE, Karnsakul W, Jahoor F, Sen P, Swallow DM, 
Luginbuehl U, Hahn D, Sterchi EE: Congenital maltase-glucoamylase 
deficiency associated with lactase and sucrase deficiencies. J Pediatr 
Gastroenterol Nutr 2002, 35:573-579. 

9. Hillebrand I, Boehme K, Frank G, Fink H, Berchtold P: The effects of the 
alpha-glucosidase inhibitor BAY g 5421 (Acarbose) on meal-stimulated 
elevations of circulating glucose, insulin, and triglyceride levels in man. 
Res Exp Med (Berl) 1979, 175:81-86. 

10. van de Laar FA: Alpha-glucosidase inhibitors in the early treatment of 
type 2 diabetes. Vase Health Risk Manag 2008, 4:1 189-1 195. 

1 1. van de Laar FA, Lucassen PL, Akkermans RP, van de Lisdonk EH, Rutten GE, 
van Weel C: Alpha-glucosidase inhibitors for type 2 diabetes mellitus. 
Cochrane Database Syst Rev 2005, CD003639. 

1 2. van de Laar FA, Lucassen PL, Akkermans RP, van de Lisdonk EH, Rutten GE, 
van Weel C: Alpha-glucosidase inhibitors for patients with type 2 
diabetes: results from a Cochrane systematic review and meta-analysis. 
Diabetes Care 2005, 28:154-163. 

1 3. Suzuki Y, Sano M, Hayashida K, Ohsawa I, Ohta S, Fukuda K: Are the effects 
of alpha-glucosidase inhibitors on cardiovascular events related to 
elevated levels of hydrogen gas in the gastrointestinal tract? FEBS Lett 
2009, 583:2157-2159. 

14. Coniff RF, Shapiro JA, Robbins D, Kleinfield R, Seaton TB, Beisswenger P, 
McGill JB: Reduction of glycosylated hemoglobin and postprandial 
hyperglycemia by acarbose in patients with NIDDM. A placebo- 
controlled dose-comparison study. Diabetes Care 1995, 18:817-824. 

15. Toeller (VI: alpha-Glucosidase inhibitors in diabetes: efficacy in NIDDM 
subjects. Eur J Clin Invest 1994, 24(Suppl 3):31-35. 

16. Matsuda H, Nishida N, Yoshikawa M: Antidiabetic principles of natural 
medicines. V. Aldose reductase inhibitors from Myrcia multiflora DC. (2): 
Structures of myrciacitrins III, IV, and V. Chem Pharm Bull (Tokyo) 2002, 
50:429-431. 

1 7. Qin B, Nagasaki (vl, Ren M, Bajotto G, Oshida Y, Sato Y: Cinnamon extract 
(traditional herb) potentiates in vivo insulin-regulated glucose utilization 
via enhancing insulin signaling in rats. Diabetes Res Clin Pract 2003, 
62:139-148. 



18. Couturier K, Batandier C, Awada M, Hininger-Favier I, Canini F, Anderson RA, 
Leverve X, Roussel AM: Cinnamon improves insulin sensitivity and alters 
the body composition in an animal model of the metabolic syndrome. 
Arch Biochem Biophys 2010, 501:158-161. 

19. Jayaprakasha GK, Ohnishi-Kameyama M, Ono H, Yoshida M, Jaganmohan 
Rao L: Phenolic constituents in the fruits of Cinnamomum zeylanicum 
and their antioxidant activity. J Agric Food Chem 2006, 54:1672-1679. 

20. Atta AH, Alkofahi A: Anti-nociceptive and anti-inflammatory effects of 
some Jordanian medicinal plant extracts. J Ethnopharmacol 1998, 
60:117-124 

21. Fichi G, Flamini G, Giovanelli F, Otranto D, Perrucci S: Efficacy of an 
essential oil of Eugenia caryophyllata against Psoroptes cuniculi. Exp 
Parasitol 2007, 115:168-172. 

22. Ballabh B, Chaurasia OP, Ahmed Z, Singh SB: Traditional medicinal plants 
of cold desert Ladakh-used against kidney and urinary disorders. J 
Ethnopharmacol 2008, 1 18:331-339. 

23. Hlebowicz J, Darwiche G, Bjorgell 0, Aimer LO: Effect of cinnamon on 
postprandial blood glucose, gastric emptying, and satiety in healthy 
subjects. Am J Clin Nutr 2007, 85:1552-1556. 

24. Gholamhoseinian A, Fallah H, Sharifi-far F, Mirtajaddini M: The Inhibitory 
Effect of Some Iranian Plants Extracts on the Alpha Glucosidase. Iranian 
Journal of Basic Medical Sciences 2008, 1 1:1-9. 

25. Trease GE, Evans W: Textbook of Pharmacognosy. London: Bailliere Tindall 
Ltd:, 12 1989. 

26. Harborne J: Phytochemical Methods - A Guide to Modern Techniques of 
Plant Analysis. London: Chapman and Hall: 1998. 

27. Sofowora: Medicinal plants and traditional medicine in Africa. 1982, 

68-72. 

28. Wall ME, Krider MM, Rothman ES, Eddy CR: Steroidal sapogenins. I. 
Extraction, isolation and identification. Journal of Biological Chemistry 1952, 
198:543-553. 

29. Pistia-Brueggeman G, Hollingswoith Rl: A preparation and screening 
strategy for glycosidase inhibitors. Tetrahedron 2001, 57:8773-8778. 

30. Shinde J, Taldone T, Barletta M, Kunaparaju N, Hu B, Kumar S, Placido J, 
Zito SW: Alpha-glucosidase inhibitory activity of Syzygium cumini (Linn.) 
Skeels seed kernel in vitro and in Goto-Kakizaki (GK) rats. Carbohydr Res 
2008, 343:1278-1281. 

31. Jo SH, Ka EH, Lee HS, Apostolidis E, Jang HD, Kwon Yl: Comparison of 
Antioxidant Potential and Rat intestinal a-Glucosidases inhibitory 
Activities of Quercetin, Rutin, and Isoquercetin. International Journal of 
Applied Research 2009, 2(4)52-60. 

32. Shim YJ, Doo HK, Ahn SY, Kim YS, Seong JK, Park IS, Min BH: Inhibitory 
effect of aqueous extract from the gall of Rhus chinensis on alpha- 
glucosidase activity and postprandial blood glucose. J Ethnopharmacol 
2003, 85:283-287. 

33. Kim YM, Jeong YK, Wang MH, Lee WY, Rhee HI: Inhibitory effect of pine 
extract on alpha-glucosidase activity and postprandial hyperglycemia. 
Nutrition 2005, 21:756-761. 

34. Lee DS, Lee SH: Genistein, a soy isoflavone, is a potent alpha-glucosidase 
inhibitor. TEBS Lett 2001, 501:84-86. 

35. Lee DS: Dibutyl phthalate, an alpha-glucosidase inhibitor from 
Streptomyces melanosporofaciens. J Biosci Bioeng 2000, 89:271-273. 

36. Shah AH, Al-Shareef AH, Ageel AM, Qureshi S: Toxicity studies in mice of 
common spices, Cinnamomum zeylanicum bark and Piper longum 
fruits. Plant Toods for Human Nutrition 1998, 52(3)231-239. 

37. Sima AA, Chakrabarti S: Long-term suppression of postprandial 
hyperglycaemia with acarbose retards the development of neuropathies 
in the BB/W-rat. Diabetologia 1992, 35:325-330. 

38. Kamath JV, Rana AC, Chowdhury AR: Pro-healing effect of Cinnamomum 
zeylanicum bark. Phytother Res 2003, 1 7:970-972. 

39. Monnier L, Mas E, Ginet C, Michel F, Villon L, Cristol JP, Colette C: 
Activation of oxidative stress by acute glucose fluctuations compared 
with sustained chronic hyperglycemia in patients with type 2 diabetes. 
JAMA 2006, 295:1681-1687. 

40. Aryangat AV, Gerich JE: Type 2 diabetes: postprandial hyperglycemia and 
increased cardiovascular risk. Vase Health Risk Manag 2010, 6:145-155. 

41. Dahlqvist A, Borgstrom B: Digestion and absorption of disaccharides in 
man. Biochem J 1961, 81:411-418. 



Mohamed Sham Shihabudeen et al. Nutrition & Metabolism 201 1, 8:46 
http://www.nutritionandmetabolism.eom/content/8/1/46 



Page 11 of 1 1 



42. Casirola DM, Ferraris RP: alpha-Glucosidase inhibitors prevent diet- 
induced increases in intestinal sugar transport in diabetic mice. 
Metabolism 2006, 55:832-841 . 

43. Hogan S, Zhang L, Li J, Sun S, Canning C, Zhou K: Antioxidant rich grape 
pomace extract suppresses postprandial hyperglycemia in diabetic mice 
by specifically inhibiting alpha-glucosidase. Nutr Metab (Lond) 2010, 7:71. 

44. Pospisilik JA, Martin J, Doty T, Ehses JA, Pamir N, Lynn FC, Piteau S, 
Demuth HU, Mcintosh CH, Pederson RA: Dipeptidyl peptidase IV inhibitor 
treatment stimulates beta-cell survival and islet neogenesis in 
streptozotocin-induced diabetic rats. Diabetes 2003, 52:741-750. 

45. Lee SS, Lin HC, Chen CK: Acylated flavonol monorhamnosides, alpha- 
glucosidase inhibitors, from Machilus philippinensis. Phytochemistry 2008, 
69:2347-2353. 

46. Jong-Anurakkun N, Bhandari MR, Kawabata J: a-Glucosidase inhibitors 
from Devil tree (Alstonia scholaris). Food Chemistry 2007, 103:1319-1323. 

doi: 1 0. 1 1 86/1 743-7075-8-46 

Cite this article as: Mohamed Sham Shihabudeen et al:. Cinnamon 
extract inhibits a-glucosidase activity and dampens postprandial 
glucose excursion in diabetic rats. Nutrition & Metabolism 2011 8:46. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at f\ RioM _-| rpntr ,i 

www.biomedcentral.com/submit \ J •*"»■»•«• central 



